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ISOLASI DAN IDENTIFIKASI BAKTERI YANG BERPOTENSI 
SEBAGAI REMEDIATOR TANAH TERCEMAR OLI BEKAS 
KENDARAAN BERMOTOR 
ABSTRAK 
Oli bekas yang telah digunakan akan mengandung lebih banyak logam dan 
Polycyclic Aromatic Hydrocarbon (PAH) yang bersifat mutagenik dan 
karsinogenik. Tanah yang tercemar limbah oli dapat mengurangi tingkat 
produktivitasnya. Bioremediasi merupakan sebuah alternatif untuk mengatasi 
pencemaran lingkungan dengan mengolah limbah berbahaya dengan mudah dan 
lebih ekonomis dengan bantuan aktivitas mikroba untuk mengurangi dampak 
berbahaya dari limbah. Penelitian ini bertujuan untuk mengidentifikasi, 
mengkarakterisasi dan mengetahui potensi bakteri sebagai remediator tanah 
tercemar oli bekas kendaraan bermotor. Penelitian ini dilakukan  melalui 
karakterisasi morfologi, pewarnaan gram, pewarnaan endospora dan uji aktivitas 
biokimia. Identifikasi bakteri yang dilakukan berpedoman pada buku Bergey’s 
Manual of Systematic Bacteriology Ninth Edition (2011). Isolasi dilakukan dengan 
metode pengenceran, kemudian ditumbuhkan pada medium selektif SMSS (Stone 
Medium Salt Solution) padat. Dilakukan seleksi bakteri penghasil biosurfaktan yang 
terindikasikan mampu mendegradasi hidrokarbon minyak. Bakteri terseleksi yang 
teridentifikasi teridindikasi memiliki kemiripan dengan jenis Alcaligenes sp., 
Azomonas sp., Bacillus subtilis, Bacillus pumilis, Enterobacter sp., dan Listeria 
Murray (L. grayi) dengan karakteristik morfologi dan karakteristik biokimia yang 
berbeda-beda. Dapat disimpulkan bahwa keenam isolat yang telah teridentifikasi 
merupakan bakteri yang berpotensi sebagai remediator tanah tercemar limbah oli 
bekas kendaraan bermotor. 
Kata Kunci :  Bioremediasi, Hidrokarbon, Karakterisasi Biokimia, Alcaligenes 
sp., Bacillus sp.,  Enterobacter sp. 
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ISOLATION AND IDENTIFICATION OF POTENCIAL BACTERIA AS 
REMEDIATORS OF CONTAMINATED SOIL FROM OIL WASTE OF 
VEHICLE 
ABSTRACT 
Waste oil that has been used will contain more metals and Polycyclic Aromatic 
Hydrocarbon (PAH) which contain mutagenic and carcinogenic properties. Soil 
contaminated by waste oil can decrease their productivity. Bioremediation is a 
teqhnique to overcome environmental pollution, which is an alternative way to 
manage waste easily and more efficiently with microbes assistantce to reduce the 
danger from wastes. The aim of this study to identify, characterize and determine 
the potential of bacteria as a remediator of contaminated soil by used oil of 
vehicles. This research was carried out through morphological characterization, 
gram staining, endospore staining and biochemical activity tests. Bacterial 
identification was based on Bergey's Manual of Systematic Bacteriology Ninth 
Edition (2011). Isolation was carried out by a dilution method, then grown on a 
solid selective medium SMSS (Stone Medium Salt Solution). Biosurfactant 
producing bacteria that were suspected of being able to degrade oil hydrocarbons 
are selected. The identified bacteria were suspected to have similarities with the 
types of Alcaligenes sp., Azomonas sp., Bacillus subtilis, Bacillus pumilis, 
Enterobacter sp., and Listeria Murray (L. grayi) with morphological 
characteristics and different biochemical characteristics. It is concluded that the 
sixth identified isolate bacteria are potentially as a remediator of contaminated soil 
by used oil of vehicles. 
Key words : Bioremediation, Hydrocarbon, Biochemical characterization, 
Alcaligenes sp., Bacillus sp.,  Enterobacter sap.
 
 
 
 
 
 
 
 
 
vi 
 
DAFTAR ISI 
UCAPAN TERIMAKASIH ..................................................................................... i 
ABSTRAK ............................................................................................................. iv 
ABSTRACT ............................................................................................................ v 
DAFTAR ISI .......................................................................................................... vi 
DAFTAR TABEL ................................................................................................ viii 
DAFTAR GAMBAR ............................................................................................. ix 
DAFTAR LAMPIRAN ........................................................................................... x 
BAB I PENDAHULUAN ....................................................................................... 1 
1.1 Latar Belakang ......................................................................................... 1 
1.2 Rumusan masalah ..................................................................................... 3 
1.3       Pertanyaan Penelitian .............................................................................. 3 
1.4 Batasan Masalah Penelitian ...................................................................... 4 
1.5 Tujuan Penelitian ...................................................................................... 4 
1.6 Manfaat Penelitian .................................................................................... 4 
1.7 Struktur Organisasi Penulisan .................................................................. 4 
BAB II BAKTERI PENDEGRADASI LIMBAH OLI BEKAS KENDARAAN 
BERMOTOR  ......................................................................................................... 6 
2.1 Minyak Pelumas (Oli) Kendaraan Bermotor ............................................ 6 
2.2 Pencemaran Oli Bekas Kendaraan Bermotor ........................................... 7 
2.3 Bioremediasi Tanah Tercemar Oli Bekas Kendaraan Bermotor .............. 8 
2.4 Bakteri sebagai Agen Bioremediasi ....................................................... 15 
2.5 Biosurfaktan ........................................................................................... 19 
2.6       Uji Aktivitas Biokimia Mikroorganisme ............................................... 20 
BAB III METODOLOGI PENELITIAN.............................................................. 27 
3.1       Jenis Penelitian ...................................................................................... 27 
3.2 Populasi dan Sampel Penelitian ............................................................. 27 
3.3 Waktu dan Tempat Penelitian ................................................................ 27 
3.4 Alat dan Bahan Penelitian ...................................................................... 27 
3.5 Prosedur Penelitian ...................................................................................... 30 
3.5.1 Tahap persiapan .................................................................................... 30 
3.5.2 Tahap penelitian .................................................................................... 30 
3.6 Pengolahan Data .......................................................................................... 35 
 
vii 
 
3.7 Alur Penelitian ........................................................................................ 36 
BAB IV TEMUAN DAN PEMBAHASAN ......................................................... 37 
4.1 Isolasi Bakteri dan Seleksi Bakteri Penghasil Biosurfaktan................... 37 
4.2 Karakterisasi Morfologi Bakteri Pendegradasi Hidrokarbon Limbah Oli 
Bekas 39 
4.3 Karakterisasi Bakteri Pendegradasi Hidrokarbon Limbah Oli Bekas 
Berdasarkan Pewarnaan Gram dan Keberadaan Endospora ............................. 41 
4.3.1 Pewarnaan Gram ................................................................................... 41 
4.3.2 Pewarnaan Endospora ........................................................................... 43 
4.4 Uji Aktivitas Biokimia Bakteri ............................................................... 43 
4.4.1 Uji Hidrolisis Pati ................................................................................. 43 
4.4.2 Hidrolisis Kasein................................................................................... 44 
4.4.3 Hidrolisis Lipid ..................................................................................... 45 
4.4.4 Hidrolisis Gelatin .................................................................................. 46 
4.4.5 Uji Motilitas .......................................................................................... 47 
4.4.6 Uji Produksi H2S ................................................................................... 47 
4.4.7 Uji Reduksi Nitrat ................................................................................. 48 
4.4.8 Uji Katalase........................................................................................... 49 
4.4.9 Uji Indol ................................................................................................ 49 
4.4.10 Uji Methyl Red .................................................................................... 50 
4.4.11 Uji Voges Proskauer ........................................................................... 51 
4.4.12 Uji Sitrat .............................................................................................. 52 
4.4.13 Fermentasi Karbohidrat (Dekstrosa, Sukrosa, Laktosa) ..................... 53 
4.4.14 Uji Oksidase ........................................................................................ 55 
4.5 Identifikasi Bakteri Pendegradasi Hidrokarbon Limbah Oli Bekas ....... 55 
BAB V SIMPULAN, IMPLIKASI DAN REKOMENDASI ............................... 59 
5.1 Simpulan ................................................................................................. 59 
5.2 Implikasi ................................................................................................. 59 
5.3 Rekomendasi .......................................................................................... 59 
DAFTAR PUSTAKA ........................................................................................... 60 
LAMPIRAN .......................................................................................................... 72 
 
 
viii 
 
DAFTAR TABEL 
Tabel 2. 1 Kelebihan dan Kekurangan Bioremediasi............................................ 10 
Tabel 2. 2 Genus Bakteri Pendegradasi Minyak ................................................... 22 
Tabel 3. 1 Alat yang Digunakan Dalam Penelitian ............................................... 27 
Tabel 3. 2 Bahan yang digunakan Dalam Penelitian  ........................................... 29 
Tabel 4. 1 Hasil Pengamatan Morfologi Bakteri .................................................. 40 
Tabel 4. 2 Aktivitas Biokimia Bakteri dan Identifikasi ........................................ 56 
 
  
 
ix 
 
DAFTAR GAMBAR 
Gambar 2. 1 Skema Jalur Penggunaan Hidrokarbon Oleh Mikroorganisme ........ 12 
Gambar 2. 2 Skema Jalur Biodegradasi n-Alkana (Aerobik) Oleh Mikroorganisme
 ............................................................................................................................... 13 
Gambar 2. 3 Bentuk-Bentuk Bakteri Kokus ......................................................... 16 
Gambar 2. 4 Bentuk-Bentuk Bakteri Spirilia ........................................................ 17 
Gambar 2. 5 Aktivitas Biokimia Mikroorganisme ................................................ 20 
Gambar 3. 1 Bagan Isolasi Bakteri dari Tanah Tercermar Oli Bekas Kendaraan 
Bermotor ............................................................................................................... 31 
Gambar 3. 2 Bagan Alur Penelitian ...................................................................... 36 
Gambar 4. 1 Isolat Biakan Murni .......................................................................... 37 
Gambar 4. 2 Hasil Seleksi Bakteri Penghasil Biosurfaktan .................................. 38 
Gambar 4. 3 Keragaman Bentuk, Warna, Tepian, Ukuran, dan Kenampakan 
Koloni Bakteri ....................................................................................................... 40 
Gambar 4. 4 Hasil Pewarnaan Gram Bakteri (Perbesaran 1000x) ........................ 41 
Gambar 4. 5 Hasil Pewarnaan Endospora (Perbesaran 1000x)............................. 43 
Gambar 4. 6 Hasil Uji Hidrolisis Pati pada Medium Agar Pati ............................ 44 
Gambar 4. 7 Hasil Positif Uji Hidrolisis Kasein ................................................... 45 
Gambar 4. 8 Hasil Uji Hidrolisis Lipid pada Medium Agar Lipid ....................... 46 
Gambar 4. 9 Hasil Hidrolisis Gelatin .................................................................... 46 
Gambar 4. 10 Hasil Positif Uji Motilitas pada Medium SIM Agar ...................... 47 
Gambar 4. 11 Hasil Negatif Uji Produksi H2S ...................................................... 48 
Gambar 4. 12 Hasil Uji Reduksi Nitrat ................................................................. 48 
Gambar 4. 13 Hasil Uji Katalase........................................................................... 49 
Gambar 4. 14 Hasil Uji Indol pada Medium SIM Agar ........................................ 50 
Gambar 4. 15 Hasil Uji Methyl Red pada Medium MR-VP broth ....................... 50 
Gambar 4. 16 Hasil Uji Voges Proskauer pada Medium MR-VP broth ............... 51 
Gambar 4. 17 Hasil Uji Sitrat pada Medium Simmon’s Sitrat ............................. 52 
Gambar 4. 18 Hasil Uji Fermentasi Dekstrosa ..................................................... 53 
Gambar 4. 19 Hasil Uji Fermentasi Sukrosa ......................................................... 54 
Gambar 4. 20 Hasil Negatif (Isolat 1) Uji Fermentasi Laktosa ............................ 54 
Gambar 4. 21 Hasil Uji Oksidase .......................................................................... 55 
Gambar 4. 22 Hasil Identifikasi Isolat Bakteri ..................................................... 57 
 
  
  
 
x 
 
DAFTAR LAMPIRAN 
Lampiran 1. Hasil Uji Seleksi Bakteri Penghasil Biosurfaktan ............................ 72 
Lampiran 2. Protokol Pembuatan Reagen dan Medium yang Digunakan dalam 
Penelitian ............................................................................................................... 73 
Lampiran 3. Dokumentasi Hasil Uji Aktivitas Biokimia Bakteri Pendegradasi 
Hidrokarbon .......................................................................................................... 77 
 
60 
 
DAFTAR PUSTAKA 
Abatenh, E., Gizaw, B., Tsegaye, Z., & Wassie, M. (2017). Review Article:  
Application of microorganisms in bioremediation-review. Journal of 
Environmental Microbiology, 1(1), 2–9. 
Abbasian, F. Abbasian, F., Lockington, R., Mallavarapu, M., Naidu, R. (2015). A 
Comprehensive review of aliphatic hydrocarbon biodegradation by 
bacteria. Appl. Biochem. Biotechnol., 1–30 http://dx.doi.org/10.1007/ 
s12010 -015-1603-5.  
Abed, R. M. M., Al-sabahi, J., Al-maqrashi, F., & Al-habsi, A. (2014). 
Characterization Of Hydrocarbon-Degrading Bacteria Isolatd From Oil-
Contaminated Sediments In The Sultanate Of Oman And Evaluation Of 
Bioaugmentation And Biostimulation Approaches In Microcosm 
Experiments. International Biodeterioration & Biodegradation, 89 : 58-
66. 
Aditiawati, P., Pikoli, M.R., & Indriani, D. (2001) . Isolasi Bertahap Bakteri 
Pendegradasi Minyak Bumi dari Sumur Bangko. Proceeding Simposium 
Nasional IATMI. Yogyakarta. 
Ahda, Y., & Fitri, L. (2016). Karakterisasi Bakteri Potensial Pendegradasi Oli 
Bekas Pada Tanah Bengkel Di Kota Padang. 8(2), 98–103. 
Ahmad, Z., Arshad, M., Asghar, H.N., Sheikh, M.A, & Crowley, D.E. (2016). 
Isolation , Screening and Functional Characterization of Biosurfactant 
Producing Bacteria Isolated from Crude Oil Contaminated Site. 
International Journal of Agriculture and Biology. https://doi.org 
/10.17957/ IJAB/15.0126 
Ahamed, F., Hasibullah, M., Ferdouse, J., & Anwar, M. N. (2010). Microbial 
Degradation of Petroleum Hydrocarbon. Bangladesh J. Microbiol, 27(1), 10–
13. 
Angga, 2011, Konservasi Tanah dan Remediasi,  dalam http://angga. staff.ipb. ac.id 
/files/2011/04/10-Konservasi-Tanah-Remediasi.pdf. diakses tangal 29 
november 2018.
61 
 
 
 
Arijanto & B. Setyana. (2007). Pengujian Campuran Terbaik Bahan Bakar Alkohol-
Bensin Ditinjau Dari Aspek Kandungan Material Pelumas Pada Sepeda 
Motor 4 Langkah. Jurnal Rotasi, 9(3): 40-42. 
Augustie, A.W.D., & Samsumaharto, R.A. (2013). Uji Aktivitas Antibakteri 
Ekstrak Maserasi Daun Kelor (Moringa oleifera, Lamk) Terhadap Bakteri 
Staphylococcus aureus. Biomedika, 6 (2). 
Azmi, S. A., & Health, W. B. (2015). Diversity Of Soil Bacteria In Some Village 
Areas Adjoining To International Journal Of Environmental Biology 
Diversity Of Soil Bacteria In Some Village Areas Adjoining To Joypur 
Forest Of Bankura District Of West Bengal , India. International Journal 
of Environmental Biology, 4(January 2014), 67–70. 
Basri, Asrianti. (2016). Isolasi Dan Identifikasi Molekuler Bakteri Endofit 
Tanaman Sarang Semut (Myrmecodia Pendans). (Skripsi). Universitas 
Islam Negeri Alauddin Makassar 
Basuki, Witono. (2016). Biodegradasi Limbah Oli Bekas Oleh Lycinibacillus 
Sphaericus TCP C 2.1. Jurnal Tek.Ling. 12 (2): 111-119 
Bayoumi & Abul, Hamd. (2010). Optimization of Bacterial Biodegradation of 
Toluene and Phenol Under Different Nutritional and Environmental 
Conditions. Journal of Applied Sciences Research, 6(8) : 1086-1095. 
Bhattacharya, D., P.M. Sarma, S. Krishnan, S. Mishra, B. Lal. (2002) . Evaluation 
Of Genetic Diversity Among Pseudomonas Citronellolis Strains Isolatd 
From Oily Sludge-Contaminated Sites. Appl. Environ. Microbiol. 69(3): 
1435-1441. 
Bossert, I.D. & Compeau, G.C. (1995) Cleanup of petroleum hydrocarbon 
contamination in soil. In: Microbial Transformation Ana Biodegradation 
of Toxic Organik Chemicals eds. Young, Y.L. Ana Cerniglia, C.G. pp. 77–
125. New York: Wiley-Liss. 
Campbell, Neil A., Reece, Jane B., & Mitchell, Lawrence G. (2002). Biologi, Jilid 
2, Edisi kelima. Jakarta: Erlangga. 
62 
 
 
 
Cappuccino, James G & Natalie, Sherman. (2011). Microbiology : A Laboratory 
Manual – 8th ed. New York: Pearson. 
Chokshi, B.G. (2003). Mikcrobial Biodegradation of Hydrocarbon in Petroleum 
Sludge Wastes. (Thesis). California Polytechnic State University. San Luis 
Obispo. 117p. 
Connel dan Miller, 1995, Kimia dan Etoksikologi Pencemaran, diterjemahkan oleh 
Koestoer, S., hal. 419, Indonesia University Press, Jakarta. 
Costa, A.S., Romao, L.P., Araujo, B.R., Lucas, S.C., Maciel, S.T., Wisniewski Jr., 
A., Alexandre, M.R. (2012). Environmental strategies to remove volatile 
aromatik fractions (BTEX) from petroleum industry wastewater using 
biomass. Bioresour. Technol. 105, 31–39. 
Cunningham, C.J & J.C. Philp. (2000). Comparison of Bioaugmentation and Bio 
Stimulation in ex situ treatment of diesel Contaminated soil. Land 
contamination and reclamation, 8 (4): 261-269. 
Das, K., & Mukherjee, A.K., (2007). Crude petroleum-oil biodegradation efficiency 
of Bacillus subtilis and Pseudomonas aeruginosa strains isolatd from a 
petroleumoil contaminated soil from North-East India. Bioresour. 
Technol. 98 (7), 1339– 1345. 
Desai JD, Banat IM. 1997. Microbial production of surfactants and their 
commercial potential. Microbiol Mol Biol Rev. 61(1):47-64. 
Dutta, Subijoy. (2002). Environmental Treatment Technologies for Hazardous and 
Medical Waste. Tata McGraw Hill. New Delhi. 
Eskandari, S., Hoodaji, M., Tahmourespour, A., Abdollahi, A., Baghi, T., Eslamian, 
S., & Ostad-Ali-Askari, K. (2017). Bioremediation of Polycyclic Aromatik 
Hydrocarbons by Bacillus Licheniformis ATHE9 and Bacillus Mojavensis 
ATHE13 as Newly Strains Isolatd from Oil-Contaminated Soil. Journal of 
Geography, Environment and Earth Science International, 11(2), 1–11. 
https://doi.org/10.9734/JGEESI/2017/35447 
Faryal R, Sultan A, Tahir F, Ahmed S, Hameed A. (2007) . Biosorption Of Lead 
By Indigenous Fungal Strains. Pak. J. Of Bot. 39: 615 – 622.  
63 
 
 
 
Fakruddin M. 2012. Biosurfactant : production and application. J Pet Environ 
Biotechnol. 3(4):1-5 
Fitri, L., & Yasmin, Y. (2011). Isolasi dan Pengamatan Morfologi Koloni Bakteri 
Kitinolitik. Jurnal Ilmiah Pendidikan Biologi, Biologi Edukasi 8(2) : 20-
25. 
Fifendy, Mades. (2017). Mikrobiologi. Kencana: Depok. 
Ghazali, F.M., Rahman, R.N.Z.A., Salleh, A.B., Basri, M. (2004). Biodegradation 
of hydrocarbons in soil by microbial consortium. Int. Biodeterior. 
Biodegrad. 54 (1), 61–67. 
Gofar, N. (2012). Aplikasi isolat bakteri hidrokarbonoklastik asal rizosfer 
mangrove pada tanah tercemar minyak bumi. Jurnal Lahan Suboptimal 1 
(2) : 123-129. 
Grant, C., Woodley, J. M., & Baganz, F. (2011). Whole-cell bio-oxidation of n-
dodecane using the alkana hydroxylase system of P. putida GPo1 
expressed in E. coli. Enzyme and Microbial Technology, 48(6–7), 480–
486. https://doi.org/10.1016/j.enzmictec.2011.01.008 
Guzik, U., K. Hupert-Kocurek, K. Salek, & D. Wojcieszyn’Ska. (2013). Influence 
of Metal Ions on Bioremediation Activity of Protocatechuate 3,4-
dioxygenase from Stenotrophomonas maltophilia B2. World J. Microbiol. 
Biotechnol., 29 (1) : 267-273. 
Hafiluddin. (2011) . Bioremediasi Tanah Tercemar Minyak Dengan Teknik 
Bioaugmentasi Dan Biostimulasi. Embryo 8(1): 47-52. 
Harwanda,, M. Sabdian . (2015) . Pengaruh Suhu Terhadap Oli Meditran S Sae 30, 
40, Dan 50 Pada Berbagai Tipe Pengaduk. (Thesis). Politeknik Negeri 
Sriwijaya. 
Hamdiyati, Y & Kusnadi. (2018). Petunjuk Praktikum Mikrobiologi. FPMIPA UPI 
Bandung 
Hasanah, N.F., Pringgenies, D., & Wulandari, S.R. (2012). Karakterisasi Metabolit 
Sekunder Bakteri Simbion Gastropoda Conus miles dengan Metode GC-
64 
 
 
 
MS Sebagai Aantibakteri MDR (Multi Drug Resistant). Journal Of Marine 
Research. 1 (2) : 197-202. 
Hatmanti, Ariani. (2000). Pengenalan Bacillus spp. Oseana, 25(1) : 31-41. 
Hidayat, Nur., Masdiana C. Padaga & Sri Suhartini. (2006). Mikrobiologi Industri. 
ANDI : Yogyakarta. 
Jain DK, Collins-Thomson, DL, Lee H, Trevors JT. 1991. A drop-collapsing test 
for screening surfactant-producing microorganisms. J Microbiol Methods. 
13: 271-279. 
Jaysree RC, Basu S, Singh PP, Ghosal T, Patra PA, Keerthi Y, Rajendran N. 2011. 
Isolation of biosurfactant producing bacteria from environmental samples. 
Pharmacology. 3:1427-1433. 
Juliani, A., & Rahman, F. (2011). Bioremediasi Lumpur Minyak ( Oil Sludge ) 
dengan Penambahan Kompos sebagai Bulking Agent dan Sumber Nutrien 
Tambahan. Jurnal Sains Dan Teknologi Lingkungan, 3, 1–18. 
Kurniawan, F. H. (2014). Pengaruh Tumpahan Bahan Bakar Minyak dan Oli 
Terhadap Kinerja Campuran Lataston-WC Dengan Menggunakan Metode 
Marshall. Jurnal Teknik Sipil dan Lingkungan. 2(3): 553-559. 
K.J. Rockne, K.R. Reddy. (2003). Bioremediation of contaminated sites. 
International e-Conference on Modern Trends in Foundation 
Engineering: Geotechnical Challenges and Solutions. Indian Institute of 
Technology, Madras, India. 
Kumar A, Bisht BS, & Joshi VD, et al. (2011). Review on Bioremediation of 
Polluted Environment: A Management Tool. International journal of 
Environmental Sciences.1(6):1079-93. 
Kurniati, T.H. (2016). Bakteri Penghasil Biosurfaktan dari Lingkungan Tercemar 
Limbah Minyak dan Potensinya Dalam Mendegradasi Hidrokarbon 
Aromatik Polisiklik (HAP). (Skripsi). Institut Pertanian Bogor, Bogor. 
65 
 
 
 
Lammler, C., I.W.T. Wibawan, & Pasaribu, F.H. (1998). Relation Between 
Encapsulation of Streptococci of Serological Group B and Adherence 
Properties of The Bacteria to Deae-Sephacel. Media Veteriner, 5(4) : 1-5. 
Leahy, J.H. & Colwell, R., (1990). Microbial degradation of hydrocarbons in The 
environment. Microbiol. Rev. 54 (3), 305–315. 
Lestari Y. (2003). Bioremediasi lahan terkontaminasi senyawa hidrokarbon. 
Prosiding seminar Bioremediasi dan REhabilitasi Lahan Skitar 
Perminyakan dan Pertambangan. Forum Bioremediasi IPB, Bogor 
Liu, H. et al. (2014). Isolation and characterization of crude-oil-degrading bacteria 
from oil-water mixture in Dagang oilfield, China. International 
Biodeterioration and Biodegradation, 87, 52–59. 
https://doi.org/10.1016/j.ibiod.2013.11.005 
Liu, Y., Zhang, L., Du, Y., Wang, J., & Liang, D.  (2010). Study of atomic 
mobilities and diffusion characteristics in bcc Ti-Ta and Ta-W alloys. 
Calphad: Computer Coupling of Phase Diagrams and Thermochemistry, 
34(3), 310–316. https://doi.org/10.1016/ j.calphad.2010.06.004 
Madigan, Michael. et. al. (2018). Brock Biology of Microorganisms Fifteenth 
Edition. UK: Pearson. 
Meckenstock, R.U., Boll, M., Mouttaki, H., Koelschbach, J.S., Tarouco, P.C., 
Weyrauch, P., Dong, X., Himmelberg, A.M. (2016). Anaerobik 
Degradation of Benzene Ana Polycyclic Aromatik Hydrocarbons. J. Mol. 
Microbiol. Biotechnol. 26, 92–118. 
Mims et al. (1998). Medical Microbiology, 2nd ed. London: Mosyby. P.25-7, 411-
9. 
Mittal, A., Singh, P., 2009. Isolation of hydrocarbon degrading bacteria from soils 
contaminated with crude oil spills. Indian J. Exp. Biol. 47 : 760–765. 
Moldes, A.B., R. Paradelo, D. Rubinos, R. Devesa-Rey, J.M. Cruz and M.T. Barral, 
2011. Ex situ treatment of hydrocarbon-contaminated soil using 
biosurfactants from Lactobacillus pentosus. J. Agric. Food Chem., 59: 
9443–9447 
66 
 
 
 
Morikawa M, Daido H, Takao T, Murata S, Shimonishi Y, Imanaka T. 1993. A new 
lipopeptide biosurfactant produced by Arthrobacter sp. strain MIS38. J 
Bacteriol. 175(20):-6466. 
Morrison, Robert D., Murphy, & Brian L. (2006). Environmental Forensics : 
Contaminant Spesific Guide. USA : Elsevier Academic Press. 
Mujab, A. S. (2011). Penggunaan Biokompos Dalam Bioremediasi Lahan 
Tercemar Limbah Lumpur Minyak Bumi. (Skripsi). Jakarta. Universitas 
Islam Negeri Syarif Hidayatullah.. 
Mukhlisoh, I. (2012). Pengolahan Limbah B3 Bengkel Resmi Kenderaan Bermotor 
Roda Dua Di Surabaya Pusat. (ITS Paper) . Institut Teknologi Sepuluh 
Nopember. Surabaya. 
Murwani, Sri. (2015). Dasar-Dasar Mikrobiologi Veteriner (eBook). Malang: UB-
Press. 
Nababan, B. (2008). Isolasi dan Uji Potensi Bakteri Pendegradasi Minyak Solar 
dari Laut Belawan. (Tesis). Universitas Sumatera Utara, Medan. 
Nannipieri, P., Ascher-Jenull, M. T., Ceccherini, M. T., Giagnoni, L., Pietramellara, 
G., & Renella, G. (2017). Landmark Papers: No. 6 Reflections. European 
Journal of Soil Biology, (6), 2–5. 
Narwanti, I., Sugiharto, E., & Anwar, C. (2013). Residu Pestisida Aldrin Dan 
Dieldrin Pada Sampel Tanah Dan Air Di Desa Srigading Kecamatan 
Sanden Kabupaten Bantul Aldrin and Dieldrin Pesticide Residue in Soil 
and Water Sample From Srigading Village Sanden District Bantul 
Regency. Pharmaciana, 3(2), 23–28. https://doi.org/10.12928/ 
pharmaciana.v3i2.427 
Negron. (2004). Bioremediation. Biotechnology. http//book.nap.edu/catalog/ 
10388.html 
Nicolau, E., Kuhn, L., Marchal, R., & Jouanneau, Y. (2009). Proteomic 
investigation of enzymes involved in 2-ethylhexyl nitrate biodegradation 
in Mycobacterium austroafricanum IFP 2173. Research in Microbiology, 
160(10), 838–847. https://doi.org/10.1016/j.resmic.2009.09.017 
67 
 
 
 
Nkem, et al. (2016). Isolation, Identification And Diesel-Oil Biodegradation 
Capacities Of Indigenous Hydrocarbon-Degrading Strains Of 
Cellulosimicrobium Cellulans And Acinetobacter Baumannii From 
Tarball At Terengganu Beach, Malaysia. Marine Pollution Bulletin. 
Notodarmojo S. (2005). Pencemaran Tanah dan Air Tanah. Institut Teknologi 
Bandung. Bandung. 
Nugroho, A. 2006. Biodegradasi sludge minyak bumi dalam skala mikrokosmos. 
J Ilmu Tanah dan Lingkungan, 10:82-89. 
Nusyirwani & Amolle, K. C. (2007). Isolasi dan karakterisasi bakteri 
hidrokarbonoklastik dari perairan Dumai dengan sekuen 16s rDNA. Jurnal 
Ilmu Kelautan, 12 (1) : 12-17. 
Office of Technology Assesment, U.S. Congress. (1991). Bioremediation for 
Marine Oil Spills. OTA-BP-70. U.S. Government Printing Office: 
Washington, DC. http://www.princeton.edu/ ~ota/ disk1/ 1991/ 91/ 9109/ 
9109/ pdf.  
Pelczar, Michael J., & Chan E.C.S. (2010). Dasar Dasar Mikrobiologi. Terjemahan 
oleh Ratna Siri Hadioetomo, Teja Imas, S. Sutarmi Tjitrosomo, Sri Lestari 
Angka. UI-Press: Jakarta. 
Peraturan Pemerintah Republik Indonesia Nomor 101 Tahun 2014 Tentang 
Pengelolaan Limbah Beracun dan Berbahaya. 
Perfumo A, Smyth TJP. Marchant R, Banat IM, Timmis KN. (2010). Production 
and Roles of Biosurfactants and Bioemulsifiers in Accessing Hydrophobic 
Substrat. Di dalam : Timmis KN, McGenity T, Meer JR, Lorenzo V, editor. 
Handbook of Hydrocarbon and Lipid Microbiology. Berlin (DE): 
Springer-Verlag. 1502-1512. 
Pitrandjalisari, V. (2009). Analisis Kelayakan Investasi Penggunaan Teknologi 
Crude Oil System Di Departemen Power Plant PT Newmont Nusa 
Tenggara. Jurnal Teknik Industri 10(2): 109-113. 
Puspitasari, D.J., & Khairuddin. (2016). Kajian Bioremediasi Pada Tanah Tercemar 
Pestisida. Kovalen, 98-106. 
68 
 
 
 
Rani, K., & G. Dhania. (2014). Bioremediation And Biodegradation Of Pesticide 
From Contaminated Soil And Water - A Noval Approach, Int. J. Curr. 
Microbiol. App. Sci. 3(10): 23-33 
Rodrigues L, Banat IM, Teixeira J, Oliveira R. (2006). Biosurfactants: potential 
applications in medicine. J Antimicrob Chemoth. 57(4):609-618. 
Rojo, F. (2009). Degradation Of Alkanas By Bacteria. Environ. Microbiol. 11, 
2477– 2490. 
Ron, E.Z., & Rosenberg, E. (2014). Enhanced Bioremediation Of Oil Spills In The 
Sea. Curr. Opin. Biotechnol. 27, 191–194. 
Roy, S., Hens, D., Biswas, D., Biswas, D., Kumar, R. (2002). Survey Of 
Petroleumdegrading Bacteria In Coastal Waters Of Sunderban Biosphere 
Reserve. World J. Microbiol. Biotechnol. 18 (6), 575–581. 
Saidi D, Anas I, Hadi N, Santoso DA. (1999). Kemampuan bakteri dari ekosistem 
air hitam Kalimantan tengah dalam merombak minyak bumi dan solar. J 
Ilmu Tanah dan Lingkungan, 2:1-7. 
Salleh, A.B., Ghazali, F.M., Rahman, R.N.Z.A., Basri, M., 2003. Bioremediation 
of petroleum hydrocarbon pollution. Indian J. Biotechnol. 2: 411–425. 
Singh V. 2012. Biosurfactant - isolation, production, purification and significance. 
Int J Sci Res Pub. 2(7):1-4. 
Singh, B.K., & Walker, A. (2006). Microbial Degradation Of Organophosphorus 
Compounds. FEMS Microbiol. Rev. 30: 428–471. 
Slamet. (2009). Isolasi dan Identifikasi Bakteri Limbah Cair Tekstil pada Instalasi 
Pengolahan Air Limbah (IPAL) Terpadu Cisirung Dayeuh Kolot Bandung. 
(Skripsi). Universitas Pendidikan Indonesia. Bandung. 
Song, X., Xu, Y., Li, G., Zhang, Y., Huang, T., & Hu, Z. (2011). Isolation, 
characterization of Rhodococcus sp. P14 capable of degrading high-
molecular-weight polycyclic aromatik hydrocarbons and aliphatic 
hydrocarbons. Marine Pollution Bulletin, 62(10), 2122–2128. 
https://doi.org/10.1016/j.marpolbul.2011.07.013 
69 
 
 
 
Surtikanti, H.K., & Surakusumah, W. (2004). Studi Pendahuluan Tentang “Peranan 
Tanaman Dalam Proses Bioremediasi Oli Bekas Dalam Tanah Tercemar”. 
Jurnal Ekologi & Biodiversitas Tropika 2 (1) : 11-14. 
Susanti, W. I., Trinanda, R., Ilmu, D., Daya, S., Pertanian, F., Bogor, I. P., & 
Kamper, J. (2017). Potensi Bakteri Asal Tanah Rizosfer , Sedimen Tanah 
, dan Pupuk Kandang Sapi untuk Biodegradasi Minyak Berat dan Oli 
Bekas The Potential Of Bacteria from Rhizosphere. Soil Sediment and 
Cattle Manure for Biodegradation of Heavy Oil and Used Oil, 41(1), 37–
44. 
Tsao, G.T., P. Ouyong, & J. Chen. (2010). Advance in Biochemical 
Engineering/Biotechnology. New York : Springer Heidelburg Dordrecht 
London. 
Tuamano, Saut Rotona Barcio. (2017). Bioremediasi Limbah Oli Bekas Kendaraan 
Bermotor Dengan Lumpur Aktif Dengan Variasi Penambahan Bakteri 
Lokal Yang Diidentifikasi Dengan Sekuen 16S Rdna. E-Journal.uajy.ac.id 
Varjani, S. J. (2017). Bioresource Technology Microbial Degradation Of Petroleum 
Hydrocarbons. Bioresource Technology, 223, 277–286. 
https://doi.org/10.1016/j.biortech.2016.10.037 
Varjani, S.J., Rana, D.P., Jain, A.K., Bateja, S., Upasani, V.N. (2015). Synergistic 
Ex-Situ Biodegradation Of Crude Oil By Halotolerant Bacterial 
Consortium Of Indigenous Strains Isolated From On Shore Sites Of 
Gujarat, India. Int. Biodeterior. Biodegrad. 103, 116–124. 
Varjani, S.J., & Upasani, V.N., (2016b). Carbon Spectrum Utilization by an 
Indigenous Strain of Pseudomonas aeruginosa NCIM 5514: Production, 
Characterization Ana Surface Active Properties of Biosurfactant. 
Bioresour. Technol. 221, 510–516.  
Varjani, S.J., & Upasani, V.N. (2016c). Biodegradation of Petroleum Hydrocarbons 
Bay Oleophilic Strain of Pseudomonas aeruginosa NCIM 5514. 
Bioresour. Technol. 222, 195–201.\ 
Vidali, M. (2001). Bioremediation An Overview. Pure Appl.Chem, 73(7), 1163–
70 
 
 
 
1172 
Wal, L., Sultana, T., Hasan, M., & Hassan, I. (2017) . Characterization Of Furnace 
Oil Bioremediation Potential Of Hydrocarbonoclastic Bacteria Isolatd 
From Petroleum Contaminated Sites Of The Sundarbans, Bangladesh. 
Journal Of Genetic Engineering And Biotechnology.  
Whyte, L.G., Hawari, J., Zhou, E., Bourbonnière, L., Inniss, W.E., Greer, C.W., 
1998. Biodegradation of variable-chain-length alkanes at low temperatures 
by a psychrotrophic Rhodococcus sp. Appl. Environ. Microbiol. 64: 2578–
2584. 
Wilkes, H., Buckel, W., Golding, B.T., Rabus, R. (2016). Metabolism of 
Hydrocarbons Ni n-Alkana Utilizing Anaerobik Bacteria. J. Mol. 
Microbiol. Biotechnol. 26, 138– 151.s 
Wisjnuprapto & Kardena. (2000). Biotreatment of Natural Oil and Gas Industry 
Waste. Proceeding of the 6th AEESEAP Trienal Conference 23-25 
Asgustus 2000. Kuta. Hal 101-105 
Wahyudi, Wanda .(2014). Pengaruh Penambahan Bahan Aditif Ekstrak Daun 
Kapuk Terhadap Pengolahan Oli Bekas Menjadi Oli Standar Layak Pakai. 
(Thesis). Sriwijaya.  Politeknik Negeri Sriwijaya. 
Yojana, R. N. (1995). Aktivitas Bakteri Hasil Isolasi Dari Tumpahan Minyak Di 
Pelabuhan Dumai Dalam Biodegradasi Hidrokarbon Minyak Bumi. 
(Skripsi). Padang. Universitas Andalas. 
Yolantika, H., Periadnadi, & Nurmiati. (2015). Isolasi Bakteri Pendegradasi 
Hidrokarbon di Tanah Tercemar Lokasi Perbengkelan Otomotif. Jurnal 
Biologi Universitas Andalas, 4(September), 153–157. 
https://doi.org/10.1097/01.NURSE.0000451543.15684.06. 
Yulvizar, C. (2013). Isolasi dan Identifikasi Bakteri Probiotik pada Rastrelliger sp. 
Biospesies 6(2) : 1-7s. 
Yogyaswari, S.A., Rukmi, Isworo., & Raharjo, Budi. (2016). Eksplorasi Bakteri 
Selulolitik dari Cairan Rumen Sapi Peranakan Fries Holland (PFH) dan 
Limousine Peranakan Ongole (Limpo). Jurnal Biologi 5(4) : 70-80.  
71 
 
 
 
Yudono, B., Estuningsih, S.P., Said, M., Sabaruddin, dan Napoleon, A. (2013). 
Eksplorasi bakteria indigen pendgradasi limbah minyak bumi di wilayah 
PT Pertamina UBEP Limau Muara Enim. Bambang Y. (Ed). Prosiding 
Semirata FMIPA Universitas Lampung 2013. Lampung. 
Zam, S. I. (2011). Bioremediasi Tanah Yang Tercemar Limbah Pengilangan 
Minyak Bumi Secara In Vitro Pada Konsentrasi Ph Berbeda ( In vitro 
Bioremediation of Dirtied Soil by Oil Refinery Waste in different pH 
Concentration). Jurnal Agroteknologi, 1, 1–7. 
Zam, Syukria Ikhsan. (2010). Optimasi Konsentrasi Inokulum Bakteri 
Hidrokarbonoklastik Pada Bioremediasi Limbah Pengilangan Minyak 
Bumi di Sungai Pakning. Journal of Environmental Science, Vol.2 No 4. 
Zhang, Z., Hou, Z., Yang, C., Ma, C., Tao, F., Xu, P. (2011). Degradation of n-
alkanas Ana polycyclic Aromatik Hydrocarbons In Petroleum By A Newly 
Isolated Pseudomonas aeruginosa DQ8. Bioresour. Technol. 102 (5), 
4111–4116. 
Zhu, Xueqing. (2004). Pedoman Untuk Bioremediasi of Garam Terkontaminasi 
Minyak Rawa. www.google.com. [online]. 12 November 2009. 
